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Method and device for air-conditioning aircraft cabins 

The invention relates to a method and a device for air-conditioning aircraft cabins. 

It is established practice in the current state of technology to air-condition aircraft 
cabins, eg. by means of mixed air, whereby the mixed air is made up of re-circulated 
air (ie., air taken out of the cabin), fresh air (heated, if so required) and engine bleed 
air. The mixing takes place in accordance with the air-conditioning requirement. 
The term "air-conditioning" within this context should not just be understood in the 
narrower sense as setting the ratio of air humidity to air temperature, but rather 
also in the sense of setting the relevant parameters for the air injected into the 
cabin, and in particular the temperature of the same. The term "cabin" in the sense 
of this application does not just mean the actual passenger cabin, but also other 
areas of the aircraft, in particular lounge and work areas. 

When air-conditioning aircraft cabins, widely differing operational and environmental 
conditions must be taken into consideration. For example, the environmental 
conditions during operation of the aircraft on the ground differ very strongly to the 
environmental conditions during a flight. Dependent upon the operational conditions, 
greatly varying heat balances occur. As a result of the operational and 
environmental conditions, which to a certain extent are widely varying, highly 
pronounced transient heating and cooling processes occur, ie. regulation of the air- 
conditioning must take place at the time of fast-changing conditions. Associated with 
the varying operational conditions are strongly varying heat loads which need to be 
supplied to the cabin areas, ie. as a result of changing seat densities etc. 

As a result of these changing operational and environmental conditions, the 
temperatures of the air flow injected, into the cabin are regulated differently. This 
type of regulation is established by the current state of technology. For example, the 
composition of recirculated air, fresh air and hot engine bleed air can be set so that 
the air-conditioning air injected into the cabin is of a required temperature. If being 
heated, this required temperature is above the specified average temperature 
measured or accepted in the cabin, and if being cooled, it is lower than this. 
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Air-conditioning units for aircraft must be optimised both with regard to their weight 
and with regard to the space which they take up. This means that the air outlets 
through which the air jets injected into the cabin emerge generally have a very small 
flow cross-section. It is generally necessary for them to be positioned in the upper 
section of the cabin panelling. This means that ventilation of the cabin areas is by 
means of so-called free jets which set all of the air in the cabin in motion, and in this 
way create so-called advection rolls. 

It is well known that the characteristics of these free jets which are directed into the 
cabin are very strongly influenced by impetus buoyant forces. 

Air-conditioning units for aircraft in accordance with the current state of technology 
are generally such that they are optimised for the typical operational and 
environmental conditions during the flight, ie. the injection characteristics of the air 
jets injected into the cabin, ie. in particular their directions and their impulses (flow 
speeds) are chosen in such a way that the highest possible level of thermal comfort 
is offered to passengers during a flight. This of course means that if the operational 
and environmental conditions deviate from the specified flight conditions, the thermal 
comfort in the cabin can sometimes no longer be achieved in the required way. 

The aim of the invention is. to provide a method and a device for air-conditioning 
aircraft cabins with which a high level of thermal comfort can be offered to the 
passengers or the flight personnel, even with changing operational and 
environmental conditions. 

For this purpose, the method in accordance with the invention for the air- 
conditioning of aircraft cabins proposes that an air jet is directed into the cabin, 
whereby the direction and/or the impulse of the air jet is changed dependent upon a 
temperature measured. The "impulse" of the air jet is to be understood as the flow 
impulse of the same. A measurement for the impulse of the air jet is, eg. the flow 
speed of the same at the output point of the device (eg. a nozzle or a pipe), with 
which the air jet is produced and injected into the cabin. 

In accordance with a preferred version of the invention, the temperature of the air 
jet itself is measured in order to deduce the control parameters for setting the 
direction and/or impulse of the air jet A prerequisite of this is that the air- 
conditioning unit of the aircraft has a computer-controlled regulator of an established 
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type. In this way, the actual temperature is measured at an appropriate point within 
the cabin to be air-conditioned, and the mixed air described is tempered by the 
aforementioned regulation equipment so that the average temperature in the cabin 
or the temperature directly in the area where the passengers are located is changed 
from the actual value to a required optimum value. To correspond with this 
regulation, the air injected into the cabin is therefore either heated up or cooled 
down to a specific temperature value. If the cabin is, eg. to the heated up, the 
temperature of the air jet has a higher value than the aforementioned air which is 
measured in the cabin. In accordance with the example specified above, this air-jet 
temperature is therefore determined in order to set the direction and/or the impulse 
of the air jet. This air-jet temperature is indeed a measure for the state of the air- 
conditioning in which the system finds itself. 

If, for example, as a result of the pre-specified regulation equipment for the air- 
conditioning unit, the air jet has a relatively high temperature, this means that the 
cabin requires relatively significant heating up. In such a case, the direction of the 
air jet injected into the cabin in accordance with a preferred example of the 
invention, is to be set at a lower point in relation to a vertical. 

In accordance with another preferred version of the method in accordance with the 
invention, as the temperature of the air jet increases, the impulse (flow speed) of the 
same is also increased. 

The invention also shows a device for the air-conditioning of aircraft cabins with 
means for producing and directing at least one air jet which is introduced into the 
cabin, and a device for detecting a temperature, whereby means are provided for 
changing the direction and/or the impulse of the air jet dependent upon the 
temperature measured. 

With this, it is preferable that the means for changing the direction and/or the 
impulse of the air jet have a component, the form of which depends upon 
temperature. Preferably, this component is positioned in such a way that it directly 
detects the temperature of the air jet before the same enters into the cabin. 

In accordance with another preferred version of the invention, the component with 
temperature-dependent form specified here is a so-called passive sensor and 
actuator element, ie. the component preferably performs its functions without any 
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external energy supply (apart from the air flow which brings about the temperature 
change). For example, the component can include a shape memory alloy or else a 
bi-metallic material. The component with temperature-dependent form is thus 
incorporated into the means for changing the direction and/or the impulse of the air 
jet so that it has the required effect dependent upon the specified temperature 
measured. For example, with the component of temperature-dependent form, it is 
possible to set the direction of a nozzle or of a pipe in a simple manner, dependent 
upon the temperature of the component. Also dependent upon the temperature of 
the component with temperature-dependent form, a flow cross-section can be set for 
the nozzle or the pipe, if so required by mechanical means. With the above-specified 
preferred version of the invention, the aforementioned target of low weight and low 
space requirement is achieved in particular. 

These preferred variations of the invention also make it possible, in a simple way, to 
equip already existing aircraft with the air-conditioning units specified. 

In the following, an example of the invention is described in greater detail with 
reference to the drawing. 

The figure schematically shows a section through an aircraft cabin 10. The 
passenger seats are erected across the floor 12 of the cabin. At ceiling level 14 of 
the cabin, luggage lockers 16 are arranged in the established way. 

Air-conditioning of the cabin 10 is carried-out symmetrically in relation to a central 
axis 18. 

An air-jet 26 is directed into the cabin with a variable injection angle a. The air jet 
26 arrow shows the direction of the air-jet chosen for the current environmental and 
operational conditions. In order to compensate for the effects which arise with free 
jets and caused by impetus, the direction, and if so required, the impulse (flow 
speed) of the injected air flow 26 is automatically adapted dependent upon a 
temperature measured. 

A prerequisite of this is that an air-conditioning unit in accordance with the current 
state of technology is provided for the cabin 10. This air-conditioning unit regulates 
the temperature of the air flow 26 injected via a nozzle or a guide pipe 22. Due to 
the regulation specified, the injected air at the output of the nozzle or the guide pipe 
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22 is of a temperature pre-specified by the regulation unit. This temperature can be 
reached, for example, by mixing recirculated air from the cabin, heated fresh air, and 
if so required, hot engine bleed air. A temperature sensor 28, for example, in the 
cabin is used with this established type of regulation. 

On the other hand, a temperature sensor 30 directly measures the temperature of 
the air jet 26 injected into the cabin 10. Dependent upon this temperature 
measured, the angle a of the air jet in relation to a vertical V is set automatically. 
The vertical V runs parallel to the symmetrical level 18 of the cabin. 

The higher the temperature measured by the sensor 30, the smaller the angle a set, 
ie. the air jet is correspondingly directed more steeply into the cabin. If the 
temperature measured by the sensor 30 is eg. 25°, ie. the cabin is to be heated up 
due to the environmental and operational conditions, the angle a can be within the 
range of from 10°C to 30°C. If the temperature measured by the sensor 30 is eg. 
15°C, ie. the cabin requires cooling down slightly, the angle a can be within the 
range of from 45° to 60°C. If the temperature measured with the sensor 30 is eg. 
9°C, ie. the cabin needs to be cooled down significantly, the angle a is close to 90°C, 
eg. in the range of from 75°C to 90°C. 

The automatic adaptation of the angle a to the operational conditions can preferably 
be brought about by changing the injection speed, ie. the impulse of the air jet 26. 
An impulse increase can be implemented eg. in a simple way whereby the cross- 
section through which the air emerges from the guide pipe or an air outlet channel, 
is reduced. Because the way the air passes through the blower is essentially 
controlled, a narrowing of the cross-section at the outlet leads to increased flow 
speed and an increased air flow impulse. The increased impulse means that the 
depth to which the free jet penetrates into the cabin is increased. Overall, with these 
measures it is possible to achieve better flow topology within the cabin. During 
constant flight, which is the norm, only relatively low flow speeds are required for the 
air jet, and so draughts can be avoided. 

The direction (angle a) of the air jet and the impulse is set very easily by means of a 
component which serves both as a sensor and as an actuator (activator). Suitable 
for this are, eg. components made from an established type of shape memory alloy, 
or else, in simple cases, bi-metallic materials. Such components change their form 
with the temperature, and this change in form can be brought about mechanically by 
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changing direction or also changing the cross-section at the end of the outlet 
channel. For example, a component with a shape memory alloy or else a bi-metallic 
component can activate a rotation device 20 mechanically with which the guide pipe 
22 is rotated around the axis 24 so that the angle a changes. 



